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IV. Summary 

Since the fall of 1986, we have observed cirrus clouds with backscatter cross sections ranging 
from <1-1 O' 7 - 4.2-1 O' 5 m' 1 sr 1 , optical thicknesses ranging from <.003 to >2.7 , and bulk average 
backscatter phase functions from .02 - .065 sr 1 . We have recorded cirrus cloud structures ranging in 
vertical extent from 0.1 to 8 km, having horizontal scales from 10's of meters to 266 km, and exhibiting 
aspect ratios of from 1 :5 to 1 :100. 

The altitude relationship between cloud top and bottom boundaries and the optical center of the 
cloud is influenced by the type of formation observed. Altocumulus and uncinus generating regions 
tend to concentrate attenuation in regions of less than 200 m thickness which dominate the vertical 
extinction profile, even when the generating cell caps an extended column of virga. Virga exhibits 
complicated fine scale structure, often lying in interleaved, sheared sheets. In cirrostratus, imbedded 
vertically developed cells frequently occupy a significant altitude range and create large spatial 
inhomogeneities in optical properties. 

Cirrus morphology and generation processes appear to be related to the wind field. Better 
temporal and spatial resolution in wind measurements in future experiments would aid the 
understanding of cirrus generation and dissipation mechanisms. 

The characterization of the microphysical, morphological and optical properties on satellite 
footprint and model grid sized areas could be improved in future experiments by characterizing the 3D 
volume in which the insitu measurements are acquired. High spatial resolution characterization of the 
distribution of cirrus could be profitably used to shed light on the relationship between aircraft 
measurements and cirrus formations. 

The HSRL has been successfully adapted to the task of cirrus cloud optical property 
measurement. The HSRL data reported here were collected with the CuCI 2 transmitter producing 50 
mW of output power, achieving eye-safe, direct optical depth and backscatter cross section 
measurements with 10 minute averaging times. A continuously pumped, injection seeded, doubled 
Nd:YAG laser has just been installed and has increased temporal resolution by a factor of -20, while 
improving the aerosol-molecular signal separation capabilities and wavelength stability of the 
instrument. We expect considerable further improvements as we fine tune the system. 

We are just beginning a several week long field experiment in which the VIL will be operated from 
a site just west of Madison while the HSRL produces vertical optical property measurements. By 
scanning the VIL in two approximately cross wind planes, we expect to deduce high resolution winds 
when cirrus are present (by a time lag structural correlation technique), and to characterize the 3D 
context for cirrus optical properties deduced from HSRL measurements. We will be launching 
radiosondes in support of this effort. Satellite data acquired by Don Wylie will be subsequently used to 
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compare passive retrievals to the HSRL optical properties and the VIL contextual information. 
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Fla. 4 (Top) Time height backscalter cross section ( ,10-6 m -1 S rl. interval 7 -10- 

6 m i sri ) mapping ol an Altocumulus - cirrus formation with isotachs (•••.« itvs 
and optical mid cloud alhlude (- • -). Flfl. 5 (Bottom) Correspond.no clood optical 

depth ( ) and normalized bulk backscalter phase (unction (• -,*r ')■ Note 

peaks In backscalter phase tunctran coincide with ACu. 
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Fig. 6 (Top) Time heigh! backscatter cross seciion ( ,10*6 m*1 sH> maDoino oi an 

tends* to | 1 oi| ,0rma '‘ 0n 1501 achs 1 « in ^s). Optical mid-cloud altitude {- - -) 

tends to ollow regions ol tnlensilied backscatter independenl ol cloud too and 
boltom altitudes Fig. 7 (Bottom) Corresponding cloud op™ depth (—0 

normalized bulk backscatter phase funcl.on(- - ,sri). P ' ] 


Backscatter Cross Section Cio -• m"’ 8r '' ) 
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mapping ol an cirroslratus formation with isotachs ( ■ in m/s) and oohrai m J 
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